Introduction

International context
Information requirements for genetic resources are included in the Convention on Biological Diversity (CBD) as well as in the Food and Agriculture Organization's (FAO's) Global Plan of Action (GPA) for the Conservation and Sustainable Utilization of Plant Genetic Resources for Food and Agriculture. The CBD covers the conservation and sustainable use of biodiversity as two of its three objectives, along with the fair and equitable sharing of benefits arising from the use of genetic resources. Its Article 17 (UNEP, 1992) stresses that the exchange of information should be facilitated, especially information relevant to the conservation and sustainable use of biological diversity. For the case of plant genetic resources for food and agriculture (PGRFA) the same objectives are specified in the GPA. Its Activity 17 (FAO, 1996) postulates the construction of comprehensive information systems for plant genetic resources to facilitate access to them and their management and utilization through the assembly, exchange and provision of useful information. Thus, the challenge to establish information systems on genetic resources has been recognized internationally. Their implementation includes both national and international mandates and activities.
Information requirements on genetic resources
Biodiversity in the sense of the CBD and the GPA includes the genetic diversity at the infraspecific level (e.g. varieties and cultivars), at the species level, and the diversity of habitats and ecosystems, including human-managed ecosystems for domesticated and cultivated species. Conservation of biodiversity has to target genetic resources in situ as well as ex situ, that is, in their natural or human-managed habitats, and in collections. Information systems on genetic resources have to cover this range of diversity levels and reference sites. For the purpose of food production or other uses such information systems should ideally contain factual data on properties and performance of the genetic material. For the purpose of conservation and sustainable exploitation georeferenced data on spatial patterns of biodiversity (species distribution, infraspecific or ecosystem variability in space) are desirable.
National Approach to Establish an Information System on PGR in Germany: the Federal Information System Genetic Resources
Aims and objectives
In Germany, the CBD and GPA will be implemented inter alia by establishing a set of related internet databases: The Federal Information System Genetic Resources (BIG) integrates databases on the wild flora of Germany, collections of botanical gardens, accessions of the largest German genebank, as well as other relevant databases.
The objective of BIG is to integrate the available data on genetic resources provided by agencies of the federal ministries, by universities and other research institutions. BIG aims at providing easy access to these data for decision-makers in public institutions (e.g. nature conservation services), for scientists in and outside universities, and for the interested public such as non-governmental organizations. At the same time, BIG will be important for private industry, in particular breeding enterprises or companies dealing with natural plant substances.
Taking advantage of synergism, BIG (www.bigflora.de) aims at developing an integrated information system on plant genetic resources (PGR) that covers a wide range of taxonomic, genetic, biological, ecological, economic and geographical information. It will permit complex searches in heterogeneous, decentralized databases, and thus facilitate access to actual germplasm, both in situ and ex situ.
Institutional collaboration
Four German institutions agreed to pool their extensive databases on wild and cultivated plants and their expertise in database management to establish BIG as an online information system on the Internet:
• The German Federal Agency for Nature Conservation (BfN) at Bonn holds databases on the wild flora (in situ), species distribution and ecology, as well as databases on the protection status of plant species according to national and European Union (EU) legislation. It acts as the German Scientific Authority to the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).
• 
Technical realization of BIG as a multidatabase retrieval system
Information systems on genetic resources have to cover a wide range of taxonomic, genetic, biological, ecological, economic and geographical data. Therefore technology is needed that can support an open, multipurpose, multiparticipant system. Technically this will be realized by a central view for accessing the online information system of various interlinked, but independent and heterogeneous databases, running under different hardware and software environments. A user-friendly online interface allows queries of these different databases by a simple and common syntax. This user interface is part of the BIG World Wide Web-server (see Fig. 17 .1) and can be used by any ordinary browser software. A BIG repository containing a reflection of different taxonomies including synonyms and a thesaurus will provide keywords like plant names or attributes (e.g. breeding traits) or other factual data such as geographical references for searching the system. The WWWserver will send the query as an http-request to the so-called BIG-Kernel (search agent). In the BIGKernel only one query will be composed using Extensible Markup Language (XML) as a general exchange format and sent to all relevant databases of BIG. Interfaces at each database will translate the XML-queries in local database syntax and local responses in XML-answers. The BIG-Kernel finally compiles one answer out of all XML-answers and sends this back to the user.
Integration of geographic information systems (GIS)
As spatial analysis gets more and more important in the field of managing genetic resources, the need for geographic information systems (GIS) is growing tremendously. But visualization and exploration of spatial data must be easy and intuitive. Therefore a user-friendly GIS interface is integrated into BIG.
Interactive maps allow the user to define a particular area of interest. The GIS will transform the geometry of this area into geographic names, or vice versa. This is needed because the decentralized databases store different kinds of geo-objects. Therefore, the user interface has to compile different queries for each database. The GIS is also used for visualization and exploration of spatial data included in the result set. For example, the result set includes distribution maps of a taxon on a global scale as well as on a national scale. Figure 17 .2 shows how GIS can be used to compare and to plan future genebank collecting strategies. In Germany there are two main genebanks, at Braunschweig and Gatersleben. Figure 17 .2 also shows the number of Hordeum samples at both genebanks, distinguished by country of collection. Thus the regional focus of the two genebanks can be compared. Additionally this helps to coordinate and plan future collecting missions and to identify gaps in the collections.
Added value through integration of associated databases
The Online-Information System for Evaluation Data or EVA (www.genres.de/eva) provides specific information on the agronomic and breeding characteristics of germplasm in Germany. Beyond passport data of genebank accessions, breeders and researchers can find reliable characterization and evaluation information such as yield, agronomic performance, resistance and quality from different sources (Harrer, 1999) . Currently, the EVA prototype database consists of evaluation data for barley (11,500 accessions), potato (2000 varieties) and fruit crops (mainly apple, 1000 varieties). Once fully established, the two online information systems BIG and EVA will be integrated, thereby covering the full range of genetic resources in situ and ex situ, from evaluation data of agricultural crops to data on the distribution of endangered and protected wild species.
International Perspectives
The concept of BIG is generally applicable to taxon-related information. The methodology and tools that are under development for BIG can thus be easily transferred to other databases. The whole system has a modular design and the communication language XML is internationally agreed. In this way, BIG will provide new opportunities for regional or international information networking such as the information exchange within the framework of the FAO International Undertaking and World Information and Early Warning System (WIEWS). The FAO/IPGRI Multicrop Passport Descriptors could be used as the common fields for XML-linked national databases in order to develop a proposed World Information Networking in PGRFA (WIN/ PGRFA) ( Fig. 17.3) . A first step has been initiated between Germany (ZADI) and the USA (Germplasm Resources Information Network, GRIN) to develop a bilateral retrieval system over both national online databases. Another project named EPGRIS (European Plant Genetic Resources Information Infrastructure) and coordinated by the Centre for Genetic Resources, The Netherlands (CGN) may complement this activity by establishing a European Information Network 
